NX 148-827 ULTRASONI C SPOT WELDI NG ASSEMBLY AND METHOD Thi s inventidﬁ' e o
relates to an ultrasonic wel ding apparatus.. More particularly, this
application relates to a spot meldlng tip.for an ultrasonic wel ding —
appar at us, -1 - - (5 Utrasonic
wel di ng has been used for bondlng in a nunber of materials. Mdst conmonly,-

ul trasoni ¢ bondi ng 048w8i27 zed in thernoplastic materials. Recently, it has
been discovered that ultrasonic spot welding could be acconplished. See,

for exanple, 10 the Novenber-Decenber 1980 |ssue of Plastlcs Desi gn Forum
page 86. This publicalEdRAGISEIG HROT ikl AND MESHOD wel di ng

as well as the advantages in producing a cIean appearance on the surface
opposite the weld. This ticle describes a process 15 for wwel di ng two

t her mopl ati ¢ sheets tod é’t%?er”\mte’r?f‘ ar%}%ﬁﬁgr gonehrd g raspnisnhMedding one

sgget and eﬁtendap@grr:at\w tM&@h:élhﬁ:té@l?@ﬁﬂy,TBEl%Lthﬁcfa]lctrﬂdiﬁr ]
addresses the pogsibi i t i nv that Jis. fitting the
welding tip to a redatssn ‘i%d’ﬁ et'u f)& ?1\\1/\?}? gﬁ& gt Iurlf’lrﬁ& 249 at- faced
horn to provide ubﬂdmnmnapgana@ws The use of ultrasonic spot welding is

further described in a " r [ S | Yoo A
d ar ke publlsEed I n th@#ﬁﬁﬁ?ﬁéﬁéﬂﬁﬁﬁifﬁ?ag%%cgé g Eﬁ??c%ggedlaﬁiﬁgs

447-450. In thisigr @ oruabey gakdateriakes tHesheROPRCNIYvaddasdrian
annul ar ring desbghdihd hes hﬁﬁﬂlﬁedli}nfﬁhebﬂnbbaselﬁh& mterwal@ ng. None of

t he above-referenced yl.trasqni.c di ng,30 ti 1,QNns or nethods o,
prov¥de a SUItab% qﬁﬁ%ﬁ?ﬁ(ﬁ ;ﬂﬁ%fﬁ??ﬂgd%ﬁ8°V3588 Hﬁg %%
t her mopl astic naB@ntﬂweidmnqrunnldmbeﬁadcpmpmushad.t|5e&he@an1&kamptpxhe

wel di ng prociﬁs tEQeﬁ%vaﬂﬂééﬂdé%h&Eer 1980 issue of Plastics Design

Forum, page 86.  This publication describes techniques

of ultrasonic spot welding as well as the advantaages
in producing a clean appearance on the surface
opposite the weld. This article describes a process
15 for walding two thermcplastic sheets together wherein
a standard welding tip penetrates one sheet and
extends some way through the second. The article
- further addresses the possibility of inverse spot
welding, that is, fitting the welding tip to a
20 mounting fixture or anvil, and utilizing a flat-

5,
5

faced horn to provide ultrasonic energy.

The use of ultrasonic spot welding is further
described in an article entitled "Ultrasonic Assembly,”
by R.A. Clarke published in the 1980-81 Modern Plastics

25 Encyclopedia, page 447-450. 1In this article, Clarke

discloses the general advantages of an annular
ring design in the horn or tip for ultrasonic spot
welding. _
None of the above-referenced ultrasonic welding
300 tip configurations or metheds provide a suitable
means for permitting the free flow of melted thermoplastic
material away from the weld joint and tip therein
during the welding process. The accumulation of



-2- nelted material .in this region may interfere wwth the continued nelting

of the unnelted material at the weld joint (it absorbs ultrasonic energy)

and so lends itself to thernmal degradation which 5 may result in a weld
joiwt of insufficient strength Furthermor®, 2this nelted materi al may cause

~overheating of the weld t 8 cpnflg aBLon whi ch can dg ge t he, gslds and
~surroundi ng . srmxﬂm?%ﬁ%ﬁlﬁﬂ exialedns tBhFoRRIASRIRY t ABEBFEEERt Wihfenti on 10
provi des a met hodclpé ubﬁtaﬁoeacmély1ngobfmehd|ugmemgeahmaterphmrality of
sheets of thernopl astic m riak | urality of
wel di ng tips nnun?gdééﬁ gﬁpﬁS? ?g@ %Emgfea hﬂgsa 8‘%h§g g gbong sai d
line so that eachandpsatleaést1paelfatbythgrmpénéegaaéstéeehwbhéét

ultrasonic eney oymby pUBRILCIn' g LBEasHBThE BE) aﬁsakf&elahe wekrdhBenti ps so
as to weld the sheets together; ten materl Is permtted ko fl,ow

away fromthe she%?&thﬁ¥B°FEseF96FrmﬁbFFPoﬂ§tSHfé eﬂPYt 8UREl AVRG FPﬁ%ngzo

Viewed froma SeCQBdtﬁépﬁéldtBeppéeﬁsﬂbutateahlOWhﬁthbdﬁSdamageathe f or
ultrasonically spot heets of thernoplastic

g_t ity of,
materjal along a Vﬁiael?ﬂa 59‘ °Hﬁ§ﬁ8€ gbeSIaWﬁéﬁrFﬁiCIain1l, conprising a
plurality of meldlng t i pdewednfedm2bneoaspestppbet presant fiovep&ionng

nsertion of jfhe webdade! bPRekAbA bieutReskanakaidyoaple! Watasmgans for

controlling t such I nsertion su he tips wll
| east partlally péﬁGFFbP§ aabhuspddtyweif| shees §Gp§BPFmP§1§§§é€umﬁﬁﬁﬁ%ﬁﬂe

30 sheets so thahlbﬁéeéVQb&dpQﬁthninahﬁi@ﬁfhn%dub%HMQQﬂthﬁeaMﬁp@rt and
t he\sheets, and means for supplying ul trasonic ene tqﬁ heeti £
adj acent to the mEPHFnQ°PP§§d 8Na@ SYPROEF BKE IRS &&: eets

reservoir portlon51&ﬁgvsagdluzueesbothgmeemghnmh@emﬂnﬂaastﬂp&itgﬂikﬁ1floms
? \r’]\gyp]; ;g;nnt heﬁsgﬁﬁ%ﬁ L3ee " bah® s“%leq'.',ngxltt'r%%on\fce‘%%rfd’yo PP ffpg1d @fpect
' to the sheets adjacent to the welding tips so as
to weld the sheets together, and molten material
is permitted to flow away from' the sheets into reservoir
portions adjacent the welding tips.

20 _ Vlewed from a second aspect the present 1nvent10n
prov1des apparatus . for ultrasonically ‘spot welding
together a plurality of sheets of thermoplastic material
along a weld line by a method as claimed in claim
1, comprising a plurality of welding tips mounted

N\ 25 on a support, means for causing insertion of the
welding tips into the sheets along said line, means
for controlling the extent of such insertion such
that in use the tips will at least partially penetrate
each sheet whilst the support is spaced from the

30 sheets so that reservoir portions are defined between
the support and the sheets, and means for supplying
ultrasonic energy to the sheets adjacent to the welding
tips so as to weld the sheets together, the reservoir
portions serving in use to yreceive molten material

35 which flows away from the sheets adjacent the welding
tips. _

Viewed from. a third aspect the present invention
may be seen as providing apparatus for ultrasonically



may Dbe seen as providing apparatus for ultrasonically -3- spot wel di ng

together a plurality of sheets of thernoplastic material along a weld |ine,
by a nethod as clained in claim1, conprising a plurality of welding tips—
mounted on a support, a plurality of recessed portions 5 in the support
adj acent the welding tips but spaced therefrom neans for causing insertion
of the wel di ngsppopswedddnghéogletbesr =0 plimataliityusef tdhedtipofivitteratogleatdic
artiall ene c et,, ' S | 141 | C energy

Po the sheors Rarceiai-dyshGCle walo THHET KU & MNIL e QI O, TP

toget her, the ABcEd3dm éorFPmllsrlrthé @ltitserafi melidingsdips reservoir

portions to remguneedDbhed g&b%lr%l %mmrfémﬁ; wwé&&aédﬁepo?ﬁ%%
adj acent th wel di Jﬁgrla furt. ect_the

present inv tFBntho§P§8§r§ §9§F€ﬁP¢oﬁi§b&P nf kies qﬁ%ﬂ a5e%hf sheets

of thernopl ast therefeomal meagst for cauzing rigxse(:eelora ot Wil lvialdifng/vel di ng
ti ps adj acent er C of te

t her no- pl ast i c%ggtserqlngp ancﬁ%(aefet% %(? Wg{a?nlgpﬁfps Bxt eﬁ%c?%d”f man anvil

and having a bate leestcped tialdyi penetiriateneasgh Ahwetspaoell ffeagra sai d anyi/
at a pr3determeQdsﬁ@bgbtingb%\lﬁr%%'dﬁl@“é'dergéﬁ'tﬂ) %he HHEAd téﬁj‘é‘i %%ﬁ!e?'sng

tips extending alo e to be forned in sald juxtapose
(b) means #8r tﬁsép‘gl Hgleing \Eélpd'"l F@ @S <$a el hthmadreats é’(%JQﬁhesral d

j uxt aposed sheehe ae&u%%eal@h&tdb&haﬁmethbtﬁﬁﬁpdﬁxﬂhé%ﬁﬁhqwiﬂlp 30 at
nateri al bEI%WHdEd sSaid :

i ot anbe. bei g PBe a5 FARCENE orEe 1o e A0 RS g ti pert
above the anV|whﬁcbnﬁthshayawdfmmm1bhﬁ(th;tsgadﬂaqankgthe welding
tips.

15 Viewed from a further aspect the present
invention provides a system for spot welding a
plurality of sheets of thermoplastlc material together
comprising:

{a® 2 pluraiity of welding tips adjacent

20 to an ohbverse face of juxtaposed sheets of said
~ thermo-plastic material, each of said welding tips
extending from an anvil and having a base attached

to said anvil and an apex spaced from said anvil

at a predetermlned height above said anv1l, said

25 plurality of welding tips extending along a weld o
line to be formed in said juxtaposed sheets;

(b) means for inserting said welding tips
into an obverse face of said juxtaposed sheets
a sufficient distance so that each welding tip

30 at least partially penetrates each sheet of material
being welded, said distance being less than the
height of said apex of said each welding tip above
the anvil from which said each welding tip extends,
to thereby provide a resemvoir space between said

35 anvil and the obverse face of said sheet material;
and

(c) means for applying u1trasoni¢ energy
to said thermoplastic sheet material adjacent to
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to thereby provide a-reservoir space between said 35 anvil and the obverse
face of said sheet material; and (c) neans for applying ultrasonic energy
t & sai.d thernoplastic sheet material adjacent to -4- said welding tips
wheréby nelted nmaterial may freely flow imdtsaid reservoir space. Viewed

fromyet another aspgect the resent |nvent|on preferably rOV|des a_met hod
for ultrasonical I8 ‘@ewsep‘céiﬁé l?iér“‘%llfpﬁ '%ﬂ*r?’ill%'fo "aectceety

therPDpIastic naw@uwﬂ?:ﬂangpzdvrésbﬁvamr s§f¢EJsLn? thefstefs oI f
positioning a source o cen irst_ outer surface
of the plurali tyég;‘ she #QJJ SES}:IQ%IECﬁl ngggo%kgoﬁp% %%fﬁ?f‘%nﬁl urality
of welding tips WﬂﬂﬂﬂOQ(P¢§§RX§thcﬂnQN1 f%mmetﬁOQrﬁpgﬂuitmasqnn¢a11y
sheets opposi tse dj: fv;éﬁ;l@t&;gmé@c& %‘ﬂﬂ:% C&u@été"éf asoni c

that gtyhe'y”ifrf'egiﬁ FRALATEL0 PA AT ALONG, B WSk LI T omRR HELRGg1 ons
of 'Ejhe supgort a@m@uepm?mmlaoﬁf@mlgbmuﬁcélas Iymn(;jle&s@wcspaced from
said second outer ce,0f t il eets,and sup i ng

ul t rasoni ¢ ener gf'}er #saad:tf’we ctgé a%alsr%/% t%'et%%%%t%le@’gt oget her.

- Vi e\éved f rorr}()(cj)nqa]furalknary ashesheets prpﬂsartm:ﬁmmwlmpcsrt hear ryEmg i on
provi des a i 3?99 a
plurality of Jux?ggé ets cﬁéi$£§§;ﬁ1égtlcjé ria % Cg%(oﬂés)pot wel d
the sheets toget t%’ftﬁzrorﬁ#ﬂ%ﬁ% O%rﬂ%ﬁlvﬂlu#%h%p‘p%rﬂ?@t%toﬂ@a%%t%ne

frugsto- conical vl Eidd®, odter %\sewée Sami ¥5é JsHEr éé PoP e DEr S6GRPE t ed

by a maj or surface of said anvi] haV|q9 maxi mum base di nensi on B
paral | el erqgy, 1nsert1ng t e welding tips into the sheets

along said line such that they at least partially
15 penetrate each sheet, there being regions of the
support adjacent the bases of the welding tips
which are spaced from said second outer surface
of the plurality of sheets, and supplying ultrasonic
energy from said source so as to weld the sheets
° 20 together. : _ . P
Viewed from one further aspect in preferred
embodiments the invention provides a welding tip
assembly for applying ultrasonic energy to a plurality
of juxtaposed sheets of thermoplastie material
(7 25 to spot weld the sheets together comprising:
an anvil for supporting at least one frusto-
"conical welding tip, the base of said welding tip
being supported by a major surface of said anvil
- and having a maximum base dimension B parallel
30 to said major surface, the apex'of said cone-shaped
tip being disposed at a height A above said major
surface, the ratio of A/B being approx1mate1y 0.76.
Viewed from still another aspect in preferred
embodiments the invention provides A welding tip
35 assembly for,epplyihg,ultrasonic energy to a plurality
of juxtaposed sheets of thermoplastic material
to spot weld the.sheets'together_comprising;



30 to said nmajor surface, the apex of said cone-shaped ti-p being di sposed
at a height A above said major surface, the ratio of A/ B being
approximately 0.76. Viewed fromstill another aspect in preferred

enbodi nents the invention provides Aweldgng tip 35 assenbly for applyanJ
ultrasonic energy to a plurality of juxtaposed sheets of t hernopl astic
material to spot welah tahsnslheﬁms SummﬂHng:cnmriééélg one dormé-anvil for

' the b f d
igﬁﬁ‘lhégﬁd“%%&l’% Al SR S ol SheRPR A d anvi

and having a Mssuppca:@q)amala ghajor ssurfawe or surfgce t he
apex of sald [gﬁbt | P Sk sai d maj or
f Qﬁ’n%ﬁ@ i Fhrhf th fﬁﬁm@ %ﬂ#hus I'n pref erred

surf ace, e ration B bei n a rOX|nat

enbodi mant t Fe é‘;ﬁrﬂ 1 | "dl%‘b‘[ﬁﬁ% &he|apew of psadd ch i ncl udes |
a plurality ofco@mmszﬁlpeﬁ cmqstbemﬁg i s saead el AiHighP ATy Of N th
e (Boh R Al AR, SROE F S Kl by ol
material to bé e

The ultrasoni d.@nergy is concentrated and the nelt is dlsperse?hby the .

coni cal projections qafk - b 0 these

proj ections to t her eby soﬁaen t%e n’e;dt":eﬁ ‘?@f‘%}e so‘?fé %zﬁé]éna erial is

di spl aced 1y dRyensiamdiscieses chweldling %iy whightinekutdes reservoir

portions of thegmqtaMﬂﬁy1dﬁ%@aﬁgﬁa}kﬁ}&{gcggaagng5géfgbégsé§w'dlsplaced
material. The erlal tinues.to be sq{tened and di splaced until the

coni cal proj e(‘f’tll & z?rlé’ Yafh H95enYRlYy Rortiansg: i the ternigrkt 25
mat eri al . Th@r@qmcmiloqs @rec tplaced nin feoptadtewith efiwdiagsE sapre ri ght

circular coni @@ pe' Wthlacd sl H1trasonic energy is applied to
15 the material. The ultrasonic energy is concentrated
and the melt is dispersed by the conical projections
and ‘heats the sheet material adjacent to these
projections to thereby soften the material. The
softenad material is displaced by the conical projections
20 and may be gathered in reservoir portions of the
tip which are provided for accumulation of any
displaced material. The material continues to
be softened and displaced until the conical projections
are substantially fully inserted into the sheet
25 material. The conical projections in the preferred
~ embodiments are right circular conical, right circular
frusto-conical or pyramid in shape or are configured
so as to allow self-release of the sheet material .
therefrom. Preferably the reservoirs are constructed
30 with a volume significantly greater than the volume
~ of the conical projection in order to allow for
expansion in any displaced material.
In one embodiment a plurality of weld tip configurations
are provided on a common support and the welding
35 tips on the anvil of each are selectively removable
to provide different weld tip configurations depending
on the characteristics of the materials being welded.
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frusto-conical or - pyramd in shape or are configured so as to allow
self-rel ease of the sheet material therefrom Preferably the reservoirs are
cdn§£;ucted 30 with a volune significantly greater than the volune of the
coni cCal projection in order to allow for eib§n§ion-rn any di spl aced

material. In one enbodi gent_a plural,ity of weld.tip.confiqurati,ons are

provi ded on a connnn-suggoppea%E%Pﬁé taithg %616 9M§Wﬁ§?é%ﬂﬁq of each

are selectively rdispased adopgoai geld fliimec@nd\dhe tulkrasoniguenteirgys

dependi ng on the aLacherisSti,C (o s I : -6 - 1In
8 AaBRhgelshica Qtfelhgﬁgmmﬂ %I,@e%%ﬂ.g %ogx‘?;d.the

one enbodi nent the LI p suppor 5 di sposed a on& l'ine and the
ul trasoni c ener gy¥eddapinead B'geaw\ﬁélddpﬁg hegim tendshdion genesiade he wel d

line. hTheI wel .disngwhﬁlk@r}] en@&tatﬁenqenghetr@ﬁ itn"\/?:%gﬁrgtﬁ_é:rtafla?j:@@ii%ﬁer gyI id_n
peri pheral regions, suc ose .adj acen e distal en e ing
horn. AccordinglyS%F 35n%§ﬁ§§t Q%fJBPJ et&ﬂ&a%e‘rstﬁﬁt reé’éi@ni‘% %@Qf%%“ﬁhese
regions, in a preherned Ackoddingly,heo icompemsate fade the glidker onger 10
than in internedi ghe .Ledi.qns QL et | sposed |1 ow
couriterbores in t%é'%ésa%%?ﬁ%t 88‘35%% |1%| Iti]%’eengagg(%izilﬂﬂ%;):e;g‘erd &r%tq’é%%gf t he
tip therefore di sgmbodigent: &hentdpisamayAlbeamadienaliightdypleaserwoul d be to

enpl oy a wel dhpg heah 9h Intdktediate Pogibddh @t e Walgh ldie B avoid
edge effects. In %iflrst pneferrggﬁgé dirment of the presen
|

i nventi,on, the
vel di ng tips-are Pi§Resed iy Ber OFh GAUNHREPOL €8 e ERe agRAq

basge/di aneters B anville aoviengage adealeatalr dicimeted iof kha ivig?0 a first
Pati o5, the tips SPETaRrrs; Bieblalive RnEaREriLy o AhARC RN with
a mni num of ener @pproach would be to employ a welding horn of greater
15 length than the weld line te-avoid edge effects.
_ In a first preferred embodiment of the present
inventipn, the welding tips-are right circular
cones with heights A above ther anvil and base diameters
B at the anvil. An ideal ratio of A/B is 1.2 in
20 a first preferred embodiment and 0.76.in a second
preferred embodiment. ﬁith these ratios,?the tips
are self-releasing and qlso.peﬁetrete sheet material
with a minimum of energy. ‘
The present invention is intended to provide
o/ 25 an improved ultrasonic welding apparatus and method,
particdlarly to produce improved ultrasonic spot
welds in sheet thermoplastic maferial.
- Preferably such welds can be provided along
a relatively lengthy weld line and can be produced
30 with a welding tip configuration which is self-
releasing from the sheet.material upbn cdmpletion
of the weld due to its full tapered symmetry.
A preferred embodiment provides a welding
tip of a sufficient height to provide a natural
35 reservoir between the support base of the welding
tip configuration and the weld tips per_se.
A further embodiment provides removable weld
tips and means for changing the number of welding
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The present invention is intended to provide 25 "an inproved-ultrasonic
wel di ng apparatus and net hod, particularly to produce inproved ultrasonic
spot welds in sheet thernoplastic nmaterial. Preferably such wel ds can befﬁ =
provided along a relatively lengthy weld jyipe and can be produced 30 wt
welding tip configuration which is self- releasing fromthe sheet naterlal
upon conpl et i qipd éﬁw/d!ela:éh@li@ d:fStlﬁellhpﬁpeeed sunoeaey. A preferred

nbodi t f d
Patural 35 "t g i ik Se et iBeg ufhd bEESRSED ARRRHLERE B1BF, %
configuration oaﬁlohhélena\bd dwitlpsvaryise. matéviahsrandbvdiyéng provi des
renovabl e mel éggggmggsb Ofe fg%aglng t he nunber of wel ding -7-

ti ps and/ or the SIZ the ti used 1n order to facilitate optinmm weld
strength al®ng the |Arrfétbﬁrmreb%memtarvm9¢ﬁg°a‘a@@al&Vsdamansaweﬁg

thicknesses t e ywdpedl.wéld tips éaoe:heatenbpémamt sEE@Mﬂéﬁsl gptl ma![ ly 4
wel d joints an

di nensi oned anq%HQéP meld é gs to creg% t1mum
smooth sel f-réf Qints and smeoth, selizEpiegsene tt tEFPﬁI Still .
anot her enbodi e thenmetsed nbédtnga&@riam whi ch may be used for invergg

spot welding in ther Séﬁgtﬁgﬁe£%§£d?§§g§2h?g gﬁgsbg &8 from

contact with the sh mat eri a in a tion
paral | el tkﬂtkﬂ#?|Whﬂ%@dM@Ymh¢chS?ﬂepro!n“eras gpetpwsadeee 15 A

number of speqﬂ‘.I&@ma@igétfebﬁsuegaioaﬁao&hwﬁ ABYVeef eahuvea will now
be described by way of exanple only wth reference to the acconpanyin

dr awi ngs wher ?PmFﬁ?Rﬁ%FE.VétB BB?SEEE?FanGPr&aéoPylSﬁsBﬁacement )

"only in a direction parallel to the line along
which the spot welds are produced. |
15 A number of specific examples embodying some
of the above features will now be described by way
of example only with reference to the accompanying
drawings wherein:
figure 1 is a perspective of a portion of
20 a wélding_tip according to an embodiment of the
present invention; .
figure 2 is a schematic perspective of the
use of the welding tip of Fig. 1 in welding sheet
material in an inverse spot welding process;
25 Figure 3 is a perspective of a portion of
the welding tip of Fig. 1 illustrating the provision
of cooling passages therein; and
Figure 4 is a perspective of a portion of
a welding tip according to an embodiment of the
30 present invention in which the semi-spherical reservoirs
are replaced by troughs disposed adjacent the cylindrical
projections and parallel to the weld line.
Figqure 5 is a perspective of a welding tip
configuration of a first pteferred embodiment of
35 the present invention;
Figure 6 is an enlarged frontal view of a
single welding tip of the first preferred embodiment
of the present invention:



20 a welding tip according to an enbodi nent of the present invention;
Figure 2 is a schematic perspective of the use of the welding tip of Fig. 1
in wel di ng sheet material in an inverse spot_welding process; 25

Figure 3 is a perspective of a portion of THR Vel di ng t|p of Fig. 1

illustrating the provi sﬁtﬁ&ro ODAI ngs%??ijggfé épgée Daw °€n'{)[?) ure 4 is a

perspective of a portio cordrng to an I ment of the
30 present |nvemnnﬁtathwNQﬁ1arﬁanﬁiﬁ -wehdingatip esfrvive reype ei I yps toededy

troughs di sposed ﬁ-ﬂjﬂiﬁﬁt W%&b"v&é‘ﬁéiﬁ@' slPéé’t?xﬁité’PﬁaP” p@ﬁaixl.@éré@ the

weld line. Figure 5 is a perspective of tip contiguration of a
first preferred &HRYdi ing RIPGeRS ﬁﬂ'é%bh%“i‘%v%n??%htl‘@g‘éﬁ‘éPG is an

enl arged frontsml foreveld w‘emngi,ﬁ;yvel di ng ti p of the first preferred
enbodi ment of the pres a schepptic side

_ §${ |nv tJO g
view of the operation of*&'% W%IEW%QP}?ﬁp fv%ﬁ% €p%“i??Yé'rated in
Figure 6 for wel ﬁw&ammuaramm anykmselsq:mtoﬁvabejld}gtmocess

utilizing a posit d |s ato | anar
an an d'}/&’ﬁé &ﬁ%strat‘# kkg?éﬂ?urat PP

vi ewof an anvi l support weld tip groups
extendi ng al ong a meld1E4QEFGé%di$ﬂgu$%cgn¢spé9§%§6ﬁ% ?Wb@@#m%@tenbodlnent
10 of aI vel d 10 p o€ P 1@ éfplté(;ﬁ&f&ﬁﬁ@ttbnwet 9@%§%tﬁﬁﬁagﬁ’fhee; Con
of the posi tve S Griding, theet btSFERE I8 f bRednse, wwﬂﬁgw. o of
15 an enmbodi rrentpnicéém vmimlerpermi/wttlw égmﬂia{:iyn of the positive
stop of Figure 7.
Referring to figure 1, the welding tip of
15 an embodiment of the present inventibn (generally
indicated as 10) includes a plurality of conical
p:ojections 12 alternately interspersed with a
plurality of reservoirs 14 along a tip base 16.
The conical projections 12 serve to concentrate
20 ultrason1c energy where they contact the sheet
material at their respective ap1ces 18.l While
the conical projections may be formed in any shape
suitable for concentrating the ultrasonic energy
and facilitating self-release which will be described
— 25 heteinbelow, figure 1 illustrates one form of cone.
It should be noted, that the term cone is intended
to encompass its broadened meaning_and is not intended
to limit the present application to the right circular
cone which is merely one embodiment of cone utilizable
30 in the welding tip of the present invention.

In a welding tip such as that of a preferred
embod1ment as illustrated in fiqure 1, the distance
between cone apex and base may be configured to
equal approximately one and one-half times the

35 thickness of the sheet material to be welded.
Further, in this embodiment the cone base is constructed
with a width of approximately twice the cohe's
height or about three times the thickness of the
sheet material to be bonded.



i ndi cated as 10) includes a plurality of conical projections 12 alternately

I nterspersed with a plurality of reservoirs 14 along a tip base 16. The
coni cal projections 12 serve to concentrate 20 ultrasoni c energy where thgy .
contact the sheet material at their respegtiwve apices 18. \Wile the
conical projections may be fornmed in any shape suitable for concentrating
the ultrasonic energylgﬁﬂefacﬁ[nuattagesemberabeaag wmhchyg l1lo be descri bed

25 h bel t f ld b t ed,
Chat the tor meBnbP8lEe 1 thUgh hER 30 ¥ RedniE0 Mpor redditen "and i o
not intended tprocess.thBopfacéidttapel inverse tudtrlasonightspoitr cul ar cone
which is nerelw fafnsnbeﬂé”ﬁgingﬁCQQ% qbll@zggdifggylga%Q% ding tip of

t he present invent such as a preferred
enbodi nent 2s £P| @Bt #H@édanmPPQ@‘Hiéglbatrhéod‘@tia’thcésom&i%@e apex and

base may be coaﬁISHéeslae 86U sko2 BRe@ESTRIFC M t@1d ANE PR Rdl1laeld mes the 35
t hi ckness of t?& et material, to t&ﬁﬁelde Further, in_this enbodi nent

t he cone base strE&PBHewFtﬁué It 4 ldustrates ke placsmeat: he cone's
hei ght or aboubfthnealtrasenﬁbetthn@kmm or uwlamxsis@ebrrr&mr iothelro be

bonded. Fig ESe oEl #:Hit gt@% ﬁ'é%erfgtlf %d Ib|%t Jb% % ure 1 in an

I nverse uItras nrc spo proc se ultrasonic
spot wel di k9, snetweeaﬁnggt iapcmdumgsé:wrtéw tmsﬂem@ ®ft &hen avil or
mount i ng bar rggéﬁ@ hﬁvggghbhoned on one side of two sheets of nateri al
to be wel ded 3 40. gure w grther Il lustrates the placenent of an

ul trasonic transduce? SrSRSFn dsx schematdicadilye idilustealiesht s of o/
material to beihopdigdrby21@unpelions disFoaaewsli NrHeO radte igachi ngs of the

present inventkgnbe bonded is supported by a support 60 with
15 the first and second sheets 30, 40 juxtaposed along
the desired lines to be wélded. The tip 10 of
the 'present embodiment is presented into contact
with one side of the juxtaposéd first and second
sheets of materiail 30U, 40 by movement of the anvil
20 20 upon which it is disposed. Simultaneously,
the ultrasonic transducer or horn 50 is moved in
a-line perpendicular to the plane of the respective
sheets of materials in order to engage the other
side of the sheets. Ultrasonic energy is applied
25 to the sheets of material to'be bonded via the
ultrasonic horn 50. As the conical projeétions
12 of the welding tip 10 contact the sheet material
at alternating spots therealong, the ultrasonic
energy is concentrated at these spots. The sheet
30 material is thereby softened and displaced by contact
with the conical projections 12. The sheet material
which is softened is accumulated'in reservoirs
14 to remove the material from the area of ultrasonic
energy concentration to avoid overheating of the
35 softened material and to concentrate the ultrasonic
energy on unsoftened material.
When the spot welds have been completed to
their desired depth with the conical projections



The spot wel der schematically illustrated in figure 2 functions as foll ows.
The material to be bonded is supported by a support 60 with 15 the first
and second sheets 30, 40 juxtaposed along the desired lines to be wel ded.
The™ip 10 of the present enbodiment is presfnfed into contact with one

side of the juxt ed first d, second sheets of, majerial, 30,40 by .
novenent of the 33&5111' dnsar tROARER S sheehinghes .{‘Sﬁﬂﬁt%}l'éﬁ’%%}l,cthe
ul trasoni c transdmsargwrisioritidrawn /O\Esbling of nehe@eshpeetli chieemopbas bibc

pl ane of the res%ea.q}%j/%e sslﬂeﬁ]i?aﬁé TR A d A Sp’«f‘*?eegé%?%‘%@’fﬁﬁgﬁ‘ﬁ%% he ot her

side of the sheets rasoni c energy is appl . heets of
material to be bdiveconicaheupiections horis seuchnsthae theiwelding

proj ections 1% ofg e st i dadddls 1 SPNERE t shde SEEdr {BY €7 | Phud|

alternating spots therealong, the ultrasonic_epergy,is concentrated at
these spots. The tfeaonbigitation o5 the replding teR PENELIEDI aced by
contact with the XxofaeHlititescéeDhsrdleaddcosheicé thpefrom thech is

softened is accunyl ated in reservoirs 14.tpo remoye the material fromthe
area_of ul trasoniT EHer @%Bﬁign £y ofet 1%%0?@0‘\’/5?%%%?%@”@?"‘{%‘2 35
softene? ns&erieﬂwe&dBtQYanmxidinaeIQ$EIY¢irasﬁmtcaemf?gyabhnmnsofteneﬂ
mat eri al . t : - r S pt
WL the coni i R RorENGE e, IREE, EOIT) Gk EpbEed 160 ChECLoRTCHS
material, the ul t(RERRFEIRRBrE3-is withdrawn. Cooling of the sheet

thernopl astic causes shyhik&gené heigefe Themboainent abf othef ptégesiéni cal

prd}ebtions 12 is,such that,the welding 5 t] elf-rel eases_fromthe sheet
material . Thus, t*RY?Rﬁé?@u*ii#%ﬁF% e?h%hﬁe#g?ﬁﬁl??ﬁ %?oypga?e1iverse
facilitates self-spheaselding heiti psfpossibie to utilize the welding

15 tip of the present invention in normal spot welding
by affixing the tip to the ultrasonic horn 50. '
The reservoirs 14 of the figure 1 welding
tip are semi-spherical in shape and are typically
sized to accumulate about 1.5 times the volume
- 20 displaced by an associated concial ptgjection.
‘The volume of each reservoir is typicélly at least
1 and 1/3 times the volume of an associated conical
projection. o '
When the system of the present embodiment
N 25 is utilized in automated production, residual heat
buildup within the welding tip can be troublesome.
without adequate precautionary measures, the temperature
of the welding tip can become sufficient to cause
the sheet material to melt to the welding tip.
30 Referring to figure 3, where like numerals designate
like parts with figure 1, cooling passages may '
be provided within the welding tip 10 in order
to control the temperature'thereof.7 The temperature
may then be controlled by cantrolling the flow
35 rate of the coolant or by other means in order
to maintain the welding tip to the desired temperature.
With polYethylene, it is desirable to maintain
the temperature at about 32° celsius (90° Fahrenheit).



sheet material after welding and produces inproved wel ds by providing
reservoirs for accunmul ating 10 the softened sheet matei al juxtaposed to th
conical projections 12. Wiile the figure 2 enbodi nent of the present -
invention illustrates the techni que known as inverse spot welding, it is ™
possible to utilize the welding 15 tip-o}lthe present invention in nornal

spot wel di ng affixing.the tig to the ultrgsqnic horn 50. The reservoirs.
14 of the fig%}/’@nl aﬂ%r’rglﬁgpt&#’e rggﬁ%%ff? i &2 607 Gedsdushd are
typically sizdd308 &ocldfl®aFahaieniieit)s tHhee pdlyethgileme Hegdingpl aced by an

associ at ed coggi RO ectian. sThe |_u c eservoir_is typically at
| east 1 and 1?% tglltrjfg"g tt%ett\ll}%l 1}1 “of \ig)ﬁ g};és}g:ita eg‘d(’:(?%?ctée [?lxoﬁseeé%/tioon. When-
the system of inNenienemaveso@ither mde dnheqnadeiith dteonat ed :
pr odglctions r\%va?zﬁqalzohw mlé?' |Héuliha\ﬂe{ ?Fébﬁ&éﬂﬁlfﬁéﬂt]% %ﬁ%gcroét o of
roubl esone. out._adequat e precauti Qnary reasures, the u

the welding tip can&ﬂeg‘g‘%e sﬁ?ﬁ%ifdiceﬁtppﬁdcédﬁ‘ tfﬁ%‘ shdgh Hh&rial to mel t
to the wel di ngylstem 3F Rdlecpriesento embpdimeht Vilf)mrxﬁ;ﬂiil@d&,unﬁﬁl S dﬁSl gnate
like parts w th figur ol i1 SS m@ﬁ I OV within the
welding tip 1 g| r?e%;éégrajt?o%g’oﬁ}o% R:t eea%q’?r%plera uaﬁ'é&)t"ﬁeelréeio P The tenperature
may then be cdft Aoitioeplarec byt meiviingg thee anwid 3h raatdd mecttion cool ant or by
ot her nea [ r;dQle 1t i j (e Pt ék¥§f

R {%’a(}a(ﬁel 2o hH el d rﬁn\e’ﬁe‘% r ala‘%é& d lt'%ehff enper at ure

t enper at ur e. th polyethylene, 1t Is e to maintaln
at about 320 POvsmeat gerPeRtiawdr ko theyplpneofuhihe hesh reaches 540

to 600 Celsiumatk3qale [iey thdrafcrheidomi ttea N Wai iy | @sodBgins. to sti e
it ﬁt tegre a][ ! \FI)VI tg%ﬁﬁ\é\%lf%rtel,p ijto iosf Idtehs%r%rbaseeq:to Ic%vne fc_:}uorne the t%ﬂeeleé ther made
tip so as to easily slide away from the completed
15 weld along a direcﬁion parallei to the weld line.
In figure 4, where like elements are also
designated by like numerals; a modified weld tip
is illustrated wherein the semispherical reservoirs
of figure ! are replaced by a pair of'perigheral
20 troughs 22, 24 arranged on either side of Ehe alternately
arranged conical proijections.l2. These troughs
22, 24 are fed by a plurality of feeder trough
reservoir portions 26 which direct the molten sheet
material into troughs 22, 24 for collection. Upon o
25 completion of the weld, the weld tip of figure
4 may be more easily removed from juxtaposition
with the sheet material in a direction parallel
to the mold line as there is no significant accumulation
of material between the interspersed concical projections
30 12 in the area where the reservoirs 14 of the figure
1 embodiment would otherwise accumulate material.
Therefore, the lateral movement of the weld tip
may be more easily facilitated. _
Referring to figure_g, a single group of
35 welding tips (generally indicated as 10) includes
a plurality of staggered conical projections 82
removably mounted within the anvil body 90 or support
plate 90. A plurality of optional drill-formed



5 anvil 20 or may be nade replaceably fixable thereto. In the specific
application for which the systemof the present enbodiment is utilized, it
is necessary to. nove the anvil 20 and weld |p 10 into place by noving the
anvi® in a direction 10 parallel to the mel% l'ine produced No significant
novenent per pendj eylyan e
permtted in thi g’%g gts%r%ﬁr%qergt}ag; geh% eS| ra v{%rt?o r?ojtﬁ‘liqgﬁ;rﬂegt he
weld tip so as t82eas@ pluradd tinaf ruah tWﬁiQkﬂﬁﬂ%ﬁQHPSHW°q&Q(f%ﬂ%ﬁﬂ}%y
direction paral | gle 153 goaearlibrgd rbewélraifdgytlﬁuéh vmﬁere:dmlﬁemlmsmcstmrfs

al so designated hy like nunerals, a. nodifjed weld t| |s |I
wherein the sem ssén@\qré’z% tQ sanrantrake 4 %sqmaﬁee b‘%‘%S Hal T

peripheral 20 st r aghmed vﬂfer&& rtﬂm}ecbmaaat hehie sshiaetofmatkexﬁl er nat el y
arranged coni cal ectiaons, The S 4
plurality of feed‘%rq{ etJ’lJ"ngersé?secr a} %%@‘26%@1 1271 | rec‘?%ttﬁae nol ten

sheet material i mpmojechigns B2 mﬂm fotmed timmnypsheos swigakie on of
the veld, the We'%rt '&rﬂ:{] erdtH¥ fnd @ﬁf@é&f@%ﬁé’réf@y@dﬁééimitatlng
j uxtaposition with the

eet naterl in a direction rall gl the nol d
line as there is Sﬁ)lfs'rrgﬂ%%ntw%rfm]a% i % %?S%%%?@F%%{%

l Pt GLSD;EF sed 1@”%&:@@] Eplusﬂfl Batés léné NForw afle@omher ere rmtlmlehizrvm rs 14
of the figure 1 odi ment, woul d o emM§e &u r re,
the lateral noverht"dfe h"'eh%’elﬂ"? %%'?%ro ggeg)té %cilz(? ?n;ff&g;sgég
Referring to figurts hroademed enepamning oanGSISvendt ngntepée@ gepelimiy

i ndicat ed as 10) Jaeting Tgpﬂé’éé}[é:@)y 8" 55t BGRELEL: aTAF LoRE WREERONS 62

renovabl y nmounte e anvi O of support plate 90. A plurality
of optional dril|is onexely onqgembodlment of cone usable in the

> 15 welding tips of the present invention. For example,
' a pyram1d also falls within the generic definition
of a cone. i
" Figure 6 is an eniarged ﬁiagrammatic illustration
of a single welding tip of a first preferred embodiment
20 of the present invention. Welding tip 11 is a
- single unit.cqmpriéing a shank 83, a bise portion
84 having a diameter B and a_conical projection
82 of a'height A extending upwardly from this base
portion. 1In a welding tip such as that illustrated
-/ 25 in figure 6, the distance of height A between cone
apex 88 and its junction with based portion 84
should be configured to equal approximately three
times the thickness of a single sheet of material
of two'equai thickness sheets to be welded together.
30 Further, the tip is preferably constructed such
that the ratio of height A to width B of base portion
84 equals approx1mately 1.2.
Figure 7 is a diagrammatic 51de elevational
‘view illustrating the operagion of a single welding
35.“t1p 11 of the present embodiment for welding sheet
mater1al in an inverse spot welding process. To
fac1l1tate inverse ultrasonic spot weldlng, the
welding tip 11 is fastened to a statlonary anvil



wel |l reservoirs R may be provi ded between projections 82. A plurality of
such wel ding groups would typically be diposed along a welding line. The
conical projections 82 serve to concentrate ultrasonic energy and di spersé
5 the nmelt where they contact the sheetyqymterial at their respective

api ces 88. Wiile the conical projections 82 nay be formed in any shape

surtable Tor PhesihtshsnBaki8oyl bhasanis BBR1EIoARY bACLNe! atlng
sel f-rel ease, which w be described hereinbel qw, 10 flgure 5 illustrates
one form of cehde ofttuposPhskansipddyt Repadndhickpessosbeets i ntended to

enconpass itsobreatdentd1nteoi,nglandoi benaeldededgetherl.i NFiguresent
application t right-circular cone, which is rel.y one emhodi nent of cone
usable in the91 “rﬁgFaihéiPF §a595tﬁ8epP§§8ﬁpeg§vgﬁtPOHPV exanple, a
pyram d al 80 hathsl@Pt bnntheeoppneiite ddBenoifi theosheetsnef Figure 6 is an
enl arged di a Le Lkl dst HQR M| di, i f a first
preferred en%%%?%g%?izsb g? Fﬁéhgpeg&n?p?ﬁvg%gfgﬁ% ?&%Fgﬁﬁagtip 11 is a
single unit cbapkhei kgaghingskogathe preseps:r dnyengiomavi Agresditiveter B _

and a coni cal sEng gehi fBufZedl o kBleORbrh 220en@d BperRWaR@Y from this bage
portion. In a we dLng él&égﬁch az t hat |II§%bra??% 25 .,n figure 6, the

di stance of hBFFREIAHE: gofi&akiorazy P 888 Focdiifitnit h based
porti on 810shtheddbenwandi gitrettet @fcthal hagpr.oxAzathelrn xtedst i nes t he

t hi ckness of | e she f ri.al 1@ gqual i ets to be
wel ded togethg?ééggh'FE?tﬁéﬁ?eﬁgghgfﬁgi%%%r% erébﬁyag%hggéﬂgéééﬁgich t hat
the ratio of hépgBl.Acaysingt FomeoB2hice pierciensheetedld andhproxi mat el y

oot oo, or et JLRCEREEY oot e BppERAALy LS ol
wel di ng sheet Thet €PFEPe| REaReNEEALd o dis mOfdicRyicoc Sentrpd egki | itate
i nverse ulbrapgnthespokitibiisnof stopecisdang 86ER 1rHexdfslesned to a
stationary analpproximately'l.s sheet thicknesses Al are penetrated
by cone 82. Cone 82 has a height of approximately
3A, (3 times the sheet thickneés). Accordingly,
a fres reservoir space 32 of a ghickness B, results
20 Dbetween sheet 110 and anvil 90.
Ultrasonic energy is applied to the sheets
of material to be bonded via the ultrasonic horn
120. As the plurality of conical projections 82
of the ultrasonic welding tips 81 penetréte the
25 sheet material along the weld line, the ultrasonic
energy is concentréted and the melt is disperséd
at these spots. The sheet material is thereby
softened, forming melt pools 92 between the sheets.
Molten material, as at 94 is also accummulated
30 in the free space 89 between anvil 90 and sheet
110. As stated hereinbefore, space 89 is created
by stops 86A and 86B which allows the cones 82
to be inserted only through sheet 110 and approximately
half the sheet thickness into sheet 100. The back
35 flow of molten material produced by the ultrasonic
welding action literally hangs at 94 from the sheets
100, 110 above the anvil 90. The free flow of

the molten sheet material effectively removes a

14



-13- or nmounting bar 90, which is positioned on one side of two
substantially equal thickness sheets of material 100, 110 to be wel ded
tegether. Figure 7 further illustrates the placenent of a novable 5 horn
120 ©nh the opposite side of the sheets of = e al to be bonded by spot

wel di ng accordin o the tfeachings of the present, inventjon. ositive
stop 86A mount ed%o%ﬁwm? &?Bgﬁ%“ o%ér’%?f%?f"%%%’c? téﬁ% ga
stationary stop miwléfﬁthqmltmmﬁmmﬁrgy rokecedttakidwrand As horn
120 is lovered, idytdesy i b ANhd bl PIAH R teaefi%jogg%tyfan&}ea.

causing cone 82 to pierce sheet, and penet
“approxi matel y halfhyss WHAGRRIC enprrgefan be brbker gorgentraved cour se,

controlled 15 5 byord hingWEténéd smbe 51 PPt SCfon BHR1e THE B LA £n
~approximately 1.5 sheet thicknesses Al are penetrated by cone %2. Cone 82

"has a height of dfSGTmtely 3A (3 tines the sheet thickness).
Accordingly, a free redhemnithe psuet [welds diave theeknesspleted tesults 20

bet ween sheet 11Q Ondgayéirgé).d%%ga(sﬂrg -Ctﬁﬂgégy‘?[%?ﬁﬁ@t%ﬁ%s;‘?ﬁt he sheets

of material to be via the ultrasonic horn rality of
coni cal proj ecti drhe drotton (rhegt rbkbni thewpes hiylve pstens peRi r@8R the 25

sheet materialg alseAdEL 1 Cehifeai d68ndldy | 36RE1 SpSIEESV b seNCentrat ed
and the nelt is dispersed, a these_ag _Ihe sheet _material 1s thereby

ot s.
sof tened, forni nHeT3SORiIF enerpeiiRteiminateds s Capling ahttheal, as at
94 | s al so accunmhededtiBérmoplddici ¢ resuspacsh BPnbadeceherevtl 90 and sheet

05, Lt e ol RSLe R JON5E 88 e BRLEA HeSIQEIGR €90, 958 un of
hal f the sheet tHigksuesh thab thecon®B82 dhewebding tip 81 self-
15 releases from the sheet marerial.
~ Thus, the configuration of the welding tip
of figures 5, 6 and 7 facilitates self-release of
the tip from the sheet material after welding and
produces improved'welds by providing a natural
20 reservoir space for accummulating a substantial
portion of the softened or molten sheé@&material
flowing from positions juxtaposed to the conical
projections 82.
Fufther, the pointed and elongated tip portion
I\ 25 82 with a height-to-base ratio of approximately
1.2, as illustrated in fiqure 6, allows for an
enhanced piercing action through the sheet material
which requires less load on the power supply during
‘the welding process and still provides adequate
30 weld strength. ‘ : -
Still further, the taper on the conical projection
82 is about 45°, resulting in less displaced melted
‘sheet material and provides a cosmetically more
acceptable weld. -
35 While the figure 7 embbdiment of the present
invention illustrates the technique known as inverse ,
spot welding, it is also possible to utilize the
tip of the present invention in normal spot welding
by affixing the tip to the ultrasonic horn 120.



35 .flow of nolten material produced by the ultrasonic welding action
literally hangs at 94 fromthe sheets 100, 110 above the anvil 90. The free
flow of the nolten sheet material effectively renoves a -14- substantial
portion of nolten material fromthe region of the ultrasonic energy
concentration and avoi ds overheating of Yhe nolten material so renoved.
Thus, ultrasonic eneggy can be better concentrated 5 on unsoftened materi al

to continue the wel GPRGOBEBECZENeRHES RRe UdbEASABILTs WwedGdNGeen conpl eted to
thei r desiredhdent 020]}. Eybﬁ&aalyhgehbh:akae%w@fr tah@ltitthmrru&rteetsom& t he

itive L L h7 h I t f
Gl trason o ongParoysang, HRasERRtEoRrpBlc heaRet REIAH Ak BHH ot ¢ causes
shri nkage t hepeber PhelpbﬁtaguzanESnoﬁfthhehomm.caﬂnpﬁ@pemﬁh@ne 82 is such
that the cgney$notnucibBs1eRtobeothe: pkbashtl AVERIGATA® Sheet

marerial. Thus, the configuration of the wel lgures 5, 6 and 7
facilitates saliupsrased an fheufiepsfrrymlldhéiihmm #hi &ndafter wel di ng

and produces f &aveﬂew@bésph&rauobh@b@gz%n@%t WfalanZanriQS%ruwdrtspace for
accumul ating S B h? B E of thetigft % en sheet o
material flowPA # §SSFtF PLSSER &ﬁqﬁﬁ roj ecti ons 82.
Further, the ﬁornpéacamensloﬁg&bedbasp pﬁrth@anEOWEbLm1MQunﬂed ght - to base
ratio of 38T @fpaalRliknlig, aBout! bUDLA Blitiddiils® ®. oﬁﬂd Qe an_

enhanced pier action through the Sheet mat reqU|re

| oad on the pmg-lﬂfﬁﬁl ¥hap: the pﬁemw@mgsmfcéé@ atmmagmng provi des
adequate 30 WdegQBEQBQWQ to W, on the anvil support bar along
the weld line. Thus, cones 82 in tip groups Wy
and W, penetrate further into sheets 100,110.
15 This compensates for the inherent feature of lower
power output at outer zones of the ultrasonic horn
120.

)

The shanks 83 and bases 84 of welding tips
11 are removably mounted in the anvil body 90 in
20 counterbﬁfe sockets, as illustrated in fzgure 7.
for ease of maintenance and replacement. More
importantly, the number of tips in each grouping
and the size of the tips in each grouping on the
anvil may be easily changed to vary the optimum _ ;J
25 weld strength along a weld line. This permits
the welding of a wider variety of polymer materials
and/or a wider range of varying sheet thicknesses
~even though generally more melt pools per grouping
will result in a higher tensile strength per group.
30 In the preferred embodiment, the welding
tips of the present invention are utilized to spot
weld high-density polyethylene sheets. However,
any suitable material may be welded utilizing the
welding apparatus of the p;;sent.invention.
35 Similarly, the welding horn could be made
of any suitable material as can the welding_tips
of the present invention. 1In the preferred embodiments,
the welding tips 81 are manufactured of aluminum



Still further, the taper on the conical projection 82 is about 45,
resulting in |less displaced nelted sheet material and provides a
cospetically nore acceptable weld. 35 While the figure 7 enbodi nent
of fhé present invention illustrates the-Fe&ﬁnFque known as inverse spot

wel ding, it is al ossihle to utilize the,fip.0 e jrese | nvention in
nor mal spot wel diarsf'gi %yrseaf"fq'%%‘ nhga'iri]%cé%tjb "1‘%°%zeg%| {oréig% < hotm A" - 15-
The outer zones dfesdstangesorfhe vieirli kg them tpeated pyith Isokrtrtrafluemwer
anpl i tude ultrash gy 1@l NPT EndT OFhESmaBRkeFppRhes, at the outer

-peripheral zones of the horn. In accordance 5 wth the enbodi nenf of the

present inventi ortAPIGVERE SHELGH $EERFLNS,  BUGthery bR Jeelding and

[err] in the merigipy @1 wHkrayss dse hafif #0%it e UPHSH totitér Al tewtabs
mount od 20 t1 pe HT 3% A tredafeEh TR Srondf SIE Haddied € her
t han the count erbores @Erehiousiwi rihe tse of otipks [eypé ob s¥stemhe anvil

support bar al ongq hﬁ&%&é& dieSi off FESu Prled Nid | Pe L AVPE Hlapd W
penetrate further 1nto s eetsq%66,110*°15 Thi s coﬁégnsates for the inherent

feature of |ower PHRFUR HLtRinttRRIt e L1IiRRSEHP- t HeoR) §RASRAFEAIRF N 120.

The shanks 83 @mnthddses e pfovbdéd ngithDs fHe adgviEsoimbbydépueded in the
anvil body 90 in 20

Ghse of i ntenarfRALARE rEF SCUTRSTACRES cof npbF ARS8 T HEPRLILES of 11 ps
in each grouping thel presentcertpod irentpspropenchiproepnegrynande anvil nay
_?ﬁi ?{B'en’n fgange%&rﬁ’oé@ré’ft@f‘pé’%éf“’é‘%@ur’pwﬂgnétéﬁé'%&é' Pife 2 d6h&e ! 1 NE.

residual heat buildup as disclosed hereinabove.

15 sStill further, since the anvil never contacts the
molten material or sheets being welded, less heat
is applied to the anvil.
Figure 9 is an enlarged diagrammatic illustration
of a single welding tip of é second preferred embodiment

° 20 of the present invention as utilized in an inverse

welding process. Welding tip 81 is a ®ingle unit
comprising a shank 83, a base portion 84 ‘having
a diameter B and a frusto-conical projéction 82
of a height A extending upward from this base portion.
Y 25 It should be understood that the welding tip of
figure 9 may be substituted for the welding tip
of figure 6 in the illustrations of figures 5 and
8. In a welding tip such as that illustrated in
figure 9, the distance of height A between the
30 distal end cone and its junction with base portion
84 should be configured to equal approximately
one and one-half times the thickness of a single
sheet of material of two equal thickness sheets
'to be welded together. Further, the tip is preferably
35 constructed such that the ratio of height A to
width B of base portion 84 equals approximately
0.76. ' ' '



the -wel ding of a wider variety of polymer materials and/or a w der range of
varyi ng sheet thicknesses even though generally nore nelt pools per

grouping will result in a higher tensile strength per group. 30 i, &
the preferred enbodi nent, the melding-tgfs of the present invention are
utilized to spot weld high-density poly yTene sheets. However, any
suitable materi al

I d quIrzrn | di n apparatus of the
present inventi on. §¥gure a E?RIFJ}P? gﬁ@ w% 5% @Ed be nade of
any suitable EaéeseebnGSpcalﬁethed\Aeknd»bdguternpsocﬁ a rselngrl@meudlmvgent ion. In

t he preferred g‘ogg ggn uEQEQM@BQh%&?iB& t%i’re%rtbﬂmlff 313Gt yred of al um num

-16- and are t anodi ze rasi on reS|stance The
tip is then t aearieaewrstehsmrtyweﬂﬂamumoc@@tswyl Qe faaiditakeder the

trademar k 5TERhGNrse!l @1RFBYBRANECS 'S %:e%fdﬁ'lig' N&hed Welllng Wig vel ding 5
tips 81 can also ,be _manufactured from,.other material s such .as carboni zed

steel with pr8pedsnEastened: fond statiopady and @ mounting { ype of
systemin autbﬁ&t@d,pmﬁduhtu@npbsiwﬂUﬂédIbn%bﬁéﬂsﬂddﬂﬁﬁ gwo | dup within the

wel ding tip. I|n ovrded t anvils i ngs
or der ?o_cgnt StﬁﬁtqgiggggﬁﬁPg g% qﬁf%ﬁ EMW4¥ ﬁ?hpresent

enbodi ment s pl&Pfer 110p tge beemeyldedd hmelté‘remf tﬂirsnaqmﬂ ez ong the weld
line redugg r‘ﬂ'l@'é%'ra'%%@" e iR eherfd ﬁ%%ﬁﬁ&ﬁl@é 212 ot> Still

further, since % anvi | never contacts ten materi or sheets being

wel ded, |ess FPé'att es oppesis® eddenofathe sheehs D nateriad| ar ged

di agrammatic ltb| be! bahded oy apotGleldiidlidibdiding b Mok ed -
enbodi nent 20 %Fe prese t Jnvention as utilized in an inverse wel di ng

process. VEI8 prefent invenhiong
With the welding tip of figure 9, the positive

15 stop 86A of figure 7 may be eliminated or, if desired,
it may be retained. As horn 120 is lowered, it
pushes sheets 100 and 110 against weld tip 81,
causing frusto-conical tip 82 to pierce sheets
113 and penetrate sheet lU0 by more than half its

20 thickness. The degree of penetration is, of course,
controlled by the height of the frusto-conical
tip 82 above the shoulder 84S of base 84 of the
welding tip 8l1. Therefore, more than 1.5 sheet _
thicknesses A, are penetratd by frusto-conical _ W

25 tip 82. The height of frusto-conical tip 82 plus
the extension of base 84 above the top of anvil
body 20 is approximately 3.5A1 (3.5 times the sheet
thickness). Accordingly, a free reservoir space
89 of a thickness B, results between sheet 110

30 and anvil 90.

Ultrasonic energy is applied to the sheets
of material to be bonded via the ultrasonic horn
120. As the plurality of conical projections 82
of the ultrasonic welding E?ps 82 penetrate the

35 sheet material along the weld line, the ultrasonic
.energy is concentrated at these spots. The sheet
material is thereby softened, forming melt pools
92 between the sheets. Molten material, as at



conprising a shank 83, a base portion 84 having a dianeter B and a
frusto-conical projection 82 of a height A extending upward fromthis base
pértion. 25 It should be understood that_tgg wel ding tip of figure 9 may
be QUBstituted for the welding tip of figuré&™6 in the illustrations of

floures 5 and 8. 44, & el fldGddiyPtibfedSid Nle | t140! 40168 89 DLOULEnS. 1 he

h
di stance of hei ght ‘A bet veen_t he 30 dlsta}.end cone an unctron with

base portion 84 AN H awhrshpred Q- el statedhere bnbetpre and
?Re Ealf ti E’Est”'?)édg& wm%dﬁe@cﬁ]w}eus@?ﬁt@ﬁs%@é?@fa&a@é mfzvo egral a5
i ckness sheets to wel de et.her. FEurther, e ti pref erably
constructed such ?rh%t_seq?l'é‘{éjﬁf i%ggfal?%‘f%hghﬁ ?%pvﬁ%it?f“élgfégas‘éhbﬁt ion 84
equal s approxiSmatallows 7the frustig-comicpl ctPpal 82 tolbet insestede
operation of the qgﬂ% e | t ¢ SL N : di tip 81 of
figure 9 for meld?ﬁg's é£§ﬁ$£§£$§éﬂ |.é%ﬁ§€n5§%s€1€é0?$€k¥§#ngﬂg?ocess. To
facilitate 5 inwaheets|l0@sbH) ¢ AStincthe nficere mbedimentgl is
fastened to a st anONsddk 2ok Of MELEEH BabeFidD. prbaeEed SbPOEhéi Oned on
one syde of two sqﬁstantl II% ggual-thlcknefs shefgs Of naterlgé 100, 110
to be wel ded togéf'%¥§s??€kw etding (aetiqn itecrlilycRenge 3Fatdnent of a
novabl e horn I®P0 fron hehepgivsets F00le DIOtiaivosdecthe afiviht 201 al The be
bonded by spot wetd] sor gli t t ' .1 he ypvention.
Wth the wel ding ‘?%gg?f‘ﬁ‘?gé?e&g? 'F%fe@%%s. %%%qg%tg%%%ijs%gég‘?@ﬂ’%%?e 7 may
be elininated or,removiesiaecsubstanbiabeportivneaf melhennmaerisl| overed,
it pushes sheets 400y aple 110g fSR1 H5LeNE! d1tiRsEicCaNELEY EGHELREFRRIGR

tip 82 to pierce sheets | )
and avoids overheating of the molten material so

15 removed. Thus, ultrasonic energy can be better

concentrated on unsoftened material to continue
- the ‘welding process.
When the spot welds have. been completed to
their desired depth (the shoulder 84S of base 84
20 controlling this distance), the application of
ultrasonic energy'ié terminated. Cool@ﬁg of the
sheet theremoplastic causes shrinkage thereof.
The configuration of the frusto-conical tips 82
is such that the tip 82 of welding tip 11 self-
N 25 releases from the sheet material.

Further, the shoulder 84S of base 84 as it
extends a distance B, above the top of the anvil
body 90 also disperses evenly and radially the
molten material between the juxtaposed sheets,

30 producing a uniform, and therefore stronger, weld
due to the pressure exerted on the sheets 100 and
100 by the horn 120 against the shoulder 84S of
base 84.
Still further, the taper -on the frusto-concial
35 +tip 82 has an included angle of approximately 45°,
resulting in less displaced melted sheet material
and provides a cosmetically more acceptable weld.



110- and penetrate sheet 100 by nore than half its 20 thickness. The
~degree of penetration is, of course, controlled by the height of the
frusto-conical tip 82 above the shoul der 84S of base 84 of the welding tip
81. Therefore, nore than 1.5 sheet thic sses Al are penetratd by et
frusto-conical 25 tip 82. The height of Trusto-conical tip 82 plus the

ext ensi on of base b Vigynb a imately [err]
(3.5 tines the shegfhgh?¥§ﬁ£§§)Egggggrgﬁng y,?}(ay %gglﬁgégp%g?r space 89 of
a thickness [eeld sbheett thprmapdasticematediad.and anvil 90. U trasonic

energy is applied t?ttQﬁoﬁﬁ@ebﬁcﬁhenﬁbﬁﬁk@httQob%nﬁo%ﬁe@rWr%akge ul trasonic
horn 120. As the_pluraljty of conical gro yl trasonic

ections f %WJ
wel ding tips 8bip néPr&Pé fRé §§a§h¥éfl e CRANIES ﬁﬁ%t LFAEIORS { he
U|traSO”'C5€nﬁ59YbéSmﬁﬂéCQﬁtthbede&hcbheabo&906&scrlhedshmdbhnaterlaI is
t her eby softened ping, melt ol the sheets. Ml ten
mat eri al , g{:e w1g£} gh§| ?8 c&%ul%it tni\,\% (?nfree space 89 between
anvil 90 and sheet 110. As stated hereinbefore, space 89 is created by the
ext ensi on of base 84 and shoul der 84S above the top of anvil 90, which 5
allows the frusto-conical tips 82 to be inserted to the controll ed depth of
the tips' height into sheets 100,110. As in the figure 7 enbodi nent, the
back flow of nmoblten naterial produced by the ultrasonic wel ding actlon
literally hangs at 94 10 fromthe sheets 100, 110 above the anvil 90. The
free flow of the nolten sheet material effectively renoves a substantial;;}
portion of nolten material fromthe region of the ultrasonic energy
concentration and avoi ds overheating of the nolten material so 15 renoved.
Thus, ultrasonic energy can be better

%



concentrated on unsoftened material to continue the wel ding process. Wen
the spot wel ds have been conpleted to their desired dept
of¢ hase 84 20 controlling this distance), ? application of wultrasoni
enerdy is termnated. Cooling of the sheef Therenopl astlc .m‘ﬁm"jm Iullﬂgil
t hereof. The configuration of the frusto-conical tips 82 i

tip 82 of weldi ng™ b 81822 f- 25 releases fromthe sheet material .

Furt her, ¥t he shoul der 84S of base 84 as it extends a distance [err] above
the top of the anyi ﬁ dy 90 al so disperses evenly and radially the nolten
mat eri al between éﬁé—féxtaposed sheets, 30 producing a uniform and
therefore stronger, weld due to the pressure exerted on the sheets 100 and
100 by the horn 1 0 aga 4 t he
taper on the frusto- conC|a %@@ épqﬁggﬁagggﬁégil§a%§°§4wef%i$+ Eéﬁétﬁ%r
appr oxi mat el y [er@]PlﬂééhitYr@F|$h¢%%% of sphexmeprhastig %hb%tlhhterlal and
provides a coSnethfahg Ya W £d 2% aﬂ%%ﬂ a 1ml§11£f$eopr@éf@in¢ nvention

can be used to spo; weld sheet th ernqg astic material shoul d becone

appasent to one oflR$drouRtRdon |2 FURPRES RreN s%%??%u%“%%ah@%s and
nodi fications 5 nglyedts nalisng rsdi@ Ubwe CE6 €lva cedlsh CEipedit wheadt are within

Egelicﬁgflzg-égs $Q¥€ gif§ peneé%%tes each sheeL,*uf%gl% ;w%%g} ! 11i|hé111

‘is supplied to the sheets adjacent to the welding
o/ . tips so as to weld the sheets together, and molten
material is permitted to flow away from the sheets

into reservoir portions adjacent the welding tips.

2. A method as claimed in claim 1 wherein the
welding tips are inserted :into the sheets by a
distance such that the support is spaced from the
sheets and said reservoir portions are defined
between the support and the sheets.

3. A method as claimed in claim 1 wherein recessed
portions are provided in the support adjacent the
- welding tips so as to define said reservoir portions.

4. A method as claimed in claim 3 wherein the
recessed portions are adjacent to, but spaced from,
the welding tips.

5. A method as claimed in any of claims 1 to
4 wherein the ultrasonic energy is supplied from
an ultrasonic horn extending along said weld line.

6. A method as claimed irf claim 5 wherein the
ultrasonic horn is positioned on the side of the
sheets remote from the welding tips.



A nethod of ultrasonically spot welding together a plurality of
mumﬁmnnﬂﬂmastlc material along a weld line, in which a pl urallty of
ed on a support arelinserted into the sheets along said
line So'thdt 2ach tip at least partially penetrates each sheet, uItrasom\f
energy is supplied to the sheets adjacent to the welding tips so as to weld
the sheets together, and nolten naterial is permtted to fl ow away fromthe
sheets into reserVOArmeahbaoas éﬂhﬂﬁé&t ihhe1¥ehd5ngrt EPGheein A Nethod as

clairfed in cl s,are (nserted into the sheets by
a distance su tﬁ3¥9§ ghﬁﬁo?fe Erﬁgﬁgﬁa FPOﬁ]hHBeShg t8 5h8 said
reservoir portlpasadyecdntlhbd énfdscefi the $mppoektend1hbefﬂhe3ég d3. hA
met hod as cl ag C [ e pQLt vided in the
support adjacent thﬂe g?g?%}tm@ﬁéﬁsghésgﬁéédeP QE %g?grﬁégégég porti ons.
4. A net horagg @fath%dl%heclaln13 wher ei n the recessed portions are

adj acent to, but spaced from the welding tips. 5. A net hod as cl ai ned

in any of clains 1 to 4 wherein thfaultrasonlc energy is_supplied froman.

ul trasoni c ho¥n extAPRRRYLYS oFQr UL HTARPRLFRALY 8POE wehdiB¥hod as cl ai mgg
irr claim5 wbegethet hae plarakbeycohosheetsposi thepmdpdasthe side of the

heets renmote_fromthe | ding L} RSy, {. hod as_c¢laiLned in claim
; g? Z whereiﬂa§ﬁ£1§£Iﬁxﬁﬁgt?gge%ﬁelé??aﬂﬁeﬁ ?éiggéiﬂa,cgffﬂeéhe tips
adj acent the &mdelaimthe ¢compritsingdanplévalbty Ofoweldéngupppst than the
tips in an 'qﬁgﬁﬂggﬂaéﬁ Qaéﬁ §%r£hemééﬂé £8r caué??&r ?
? eets 0 thernnplasbré

ul trasoni cal | ot wel oget g ural it
mat eri al alodé Qélﬁe1¢h@gb§1%$nbﬂﬁ%dt \ %hﬂ?ﬁﬁdalong said

line, means for controlling the extent of such
insertion such that in use the tips will at least
partially penetrate each sheet whilst the support
is spaced from the shets so that reservoir portions
are defined between the suppor® and the sheets,

and a@eans for supvlying ultrascnic energy to the
sheets adgacent to the welding tips .so as to weld
the sheets_tcgether, the reservoir portions serving
iq!use to receive molten matetial which flows away
from the sheets adjacent the welding tips.

9. Apparatus as claimed in claim 8 wherein each hd
welding tip is associated with a shoulder serving

as a stop to limit the extent of insertion of the

tip into the sheets of material.

10, Apparatus for ultrasonically spot welding
together a plurality of sheets of thermoplastic
material along a weld line, by a method as claimed
in claim 1, comprising a plurality of welding tips
mounted on a support, a plupality of recessed portions
in the support adjacent the welding tips but spaced
therefrom, means for causing insertion of the welding
tips into the sheets so that in use the tips will
at least partially penetrate each sheet, and means
for supplying ultrasonic energy to the sheets adjacent

-



inclaiml, conprising a plurality of welding tips mounted o :
means for causing insertion of the weldi ﬁg-ti ps into the jlﬂﬁl‘%‘lgmgﬂﬂx‘m :
kine, means for controlling the extent of such insertion c duse

théu{ips will at least partially penetrate each sheet whilst the support is

spaced fromthe shets so that_reservoir portions are defined between the

support and the shd@ $heameldings Hims agpm@s ity wald dheisheatks dpaethers
sheets 4djacent to fHee peRidlstd gtk ivhe S %H@elﬁzﬁa&éfﬁ&tﬁ%%hﬂ, the
|

reservoir portions serving in use to receive nolten materigal | Quws
avay from the sheetiedE EaRErYRIn, SRREIFNS FO rgceivergoltan maferdad e
in claim8 whereinwideh ladisn@uwayp firdomthec igherst sMdd) steatto Whie iwedelitigng
as a stop to limt g&p extent of insertion of the tip into the sheets of
materi al . 10. & At'us for ultrasonically spot welding tagether a
plurality of sheets of thernoplastic material along a weld line, by a

method as cl ai med iyy cl aiyy r fEHT 5 11 el WPl LRI o | DS
nount ed on a support, a_a rality of recessed portions i1n the support
v

adj acent the wel di tde i§@Eady @f thecrenfssashpertdonsus R4 nserti on

of the wel ding tipandiche ivEehe thatvdlumes o hd el atind tdipd.east
partially penetrate each sheet, and neans for supplying ultrasonic energy

to the sheets adjacent to the welding tips so as to weld the sheets
together, the reced2ad papparatusn ashelaimed tirselding LIth arsd lawheesdmvoi r
portions to receiv | I.al 1C QS 0 ‘&Qgﬁ
adj\aeent the wel di %qr%éﬁggeﬁ%gr%ﬁ\ggast Lésééz?s C tge:@nécf‘t{hn@cﬁt%?m \t/'\‘)??er ein
the total volume oftlPhe recessed portions is one and one third the total
vol une of the welding tips.

13. Apparatus as claimed in claim 12 including
a plurality of recessed portions alternately disposed
with the welding tips élong the support.

14. Apparatus as claimed in any of claims 10
to 13 wherein the recéssed~pqrtidns'are integrally

 formed with the support.

15. Apparatus as claimed in any of claims 10 _
to 14 wherein the recessed portions are semi-spherical
N4 in shape.

le. Apparatus as claimed in any of claims 10

to 15 wherein the recessed portions include a trough
pafallel‘to the weld line and portipns for channeling
molten material into the trough.

'17. Apparatus as claimed in claim 16 wheréin

a trough is provided on each side of the weld line.
18. Apparatus as claimed in any of claims 8 to’
17 herein the welding tips are integrally formed
with the support. -



Apparatus as clainmed in claiml0-0r 11 wherein a recessed portion is

”ﬂﬂuﬂuﬂm ach welding tip. 13. <3 Apparatus as clained in claimi12.
H"l "ﬂ:llty of recessed portions alternately disposed wth theu, *
melﬁln b t ps al*ong the support. 14. Apparatus as clained in any of clains
10 to 13 wherein the recessed-portions are integrally formed with the
support. 15. Af aratus as clained in any of clains 10 to 14 wherein the

n

recessed portionsdare APRPRC3pBHEr REarlpimefapn. ang. of plpimst Bstes cl ai ned

in any of claln5110wﬁaré5nmhséewalahﬁgressgsséepgaibeesvbmglyéﬁoaabieugh
parallel to the rId I*ne and ortlons for channeling nolten material into

the trough. 17. the §4UPRE Eralned |n cIa|n116 wherein a trough is
provi ded on each S|de of the meld i ne. Apparatus as clained in any

of clains 8 to 14, here n ke Lntegral by.far with the
support. goﬁppaég?éggg gg %%éiﬂéd ﬁ§ 8P§cggiﬁégémgogﬁ ®wherein the
wel di ng tips arel%eWEetevalyheeweldbhe tipm ane skppoered2dn twppparatus as

claimed in any ofafhpd ﬁgslglansrghg &B@d%ﬁbdlﬂﬂet'ps are staggered 4n
two parallel Ilnes a ong t e welding line. . Appar atus as cl ai ned i

any of clains 8 to 20 wherein the wel di-ng tlps are clustered in groups. 22.
Apparatus as cl apoed lnppélyaeﬁschal azaﬁméa 27 ahyrefnclhemweadtag ti ps are
hard coat anodiz

wher ei n means arggﬁV%QfﬁﬁngQ?tus fPﬂg #ﬁgdﬁthFﬂésg?ﬁgd 25 9r°ﬂBﬁaratus

as clained in claim23 wherein W
22. Apparatus as claimed in any of claims 8 to
21 wherein the welding tips are hard coat anodized.

23, Apparatus as claimed in any of claims 8 to
22 wherein means are provided for cooling the welding
tips. '

24. -Apparatus as dlaiﬁed in claim 23 wherein
the cocling means include passages in the support.

25. Apparatus as claimed in any of claims 8 to
24 wherein the support is in the form of a plate.

26. Apparatus as claimed.in claim 25 wherein
the plate is mounted on an anvil.

27. Appatatus as claimed in any of claims 8 to
24 wherein the support is an anvil.

28. Apparatus as claimed in any of claims 8 to
27 wherein the welding tips are at least partly
conical. -

29. Apparatus as claimed in claim 28 wherein
the welding tips are, at least in part, right circular

cones.



«

the cooling neans include passages in the support. . Apparatus as
claimed in any of clains 8 to 24 wherein thé " support |s I n mmm‘r“ﬁm‘ (M“‘
pliatey 26. Apparatus as clained in claim25 wherein the Ad

on an anvil. 27. Apparatus as claimed in any of clains 8 tb 24 vhef'ei n
the support is an anvil. 28. Apparatus as clained in any of clains 8 to

27 mherern t he lpdi ng s Atus as
claimed i'n cl ai \rlrtlg08 V\hg‘?g%%ﬁ% \%’t éﬁ%%;%aﬁ ltda)réel(\aci C@egggﬁ n *@?&q ri ght

circul ar cones. theygati g canigah mrdy wherein the
ratio of the hei @hbhofweumemgormq:altdoartts afaxdaiih WIsd @indngilon i ts maxi num

base di nension i | | 2.4 31. Apparatus as clained in claim 28
wherein the meldﬁﬁg ﬁ?ﬁ é%éépi%tgé 32. Apparatus as clained in any of

clainms 8 to 27 mherern the wel ding tips are at | east partly of

frusto-conical shgpe. %%paraf%‘b%ara%t 43 B5hed ?r pn CﬂSa'w'Hel?t% {yherein each

welding tip is af least in part a -portion of a rrg t circu cone. 34.

Appar atus as cl aithed wedddng hiPs @re3Pwnadidsn the ratio of the hei ght of
t he ¥¥ust o- conrcal part of each welding tip to its maxi mum base di nensi on
I s approxi mately Q paratig as cl.ainmed in clai,m9 wherein each

wel ding tip corrpr3rzses éPPPﬁéttb‘ iged: it agy 2t PAladls Salt%base whose
di aneter is |arg@7 wheretimne ﬂh&sevemdrtm@srtdlpsofartému‘ Niesis® @ATLAM portion so

as to provi de th lder i_.Rg stop. 36. Apparatus as clained in

33. Apparatus as claimed in claim 32 wherein
each welding tip is at least in part a portion
of a right circular cone.

34. Apparatus as ¢laimed in claim 32 or 33 wherein

the ratio of the height of the frusto~-conical part

of each welding tip to its maximum base dimension

is approximately 0,76. | | PN
35, Apparaﬁus as claimed in claim 9 wherein each
wélding ﬁip cdmprises a frusto conical portion

U/ on a cylindrical base whose diameter is larger
than the base dimension of the frusto conical portion
so as to provide the shoulder serving as a stop.

36. Apparatus'as claimed in claim 35 wherein

the ratio of the height of the frusto conical portion
to its maximum base dimension is approximately

0.76. | | |

37. Apparatus as claimed din claim 35 or 36 wherein
_ the frusto conical portion is part of a right circular
cone. ' L | '

38. Apparatus aé:claimed in any of claims 8 to
37 wherein the means for supplying ultrasonic energy



th ' gi ght of the frusto conical portion to its maxi num base
di ijmnlmﬂWlu' mately 0.76. 37. 2 Apparatus as clainmed in claim35 or
36 ereln thesfruwsto conical portion is part of a right circular cone. %gb v
Apparatus as clained in any of clainms 8 to 37 wherein the means for

suppl yi ng ul trasoni c energy * C L M S * conprises an ultrasonic

horn extending along the weld |ine. 39. Apparatus as clained in claim 38

wherein the ukbhpeages BAr M1ty agowild Mot @xteMditigdaldnd thesheets renote
fromit he meldingdthgs. 40. Apparatus as clained in claim39 including
t

means for novif Mt rasoni ¢ horn against the sheets so as to push the
sheets against the welding tips to cause insertion of the welding tips into

: |3 ' | gi.m 40 nel udi. t f
[imi ting movesSht ol PPRE=gre 28 staTibd, o ale g RatRine 2 D08 T

penet rat ed t h&hehudtsaspnige hogquiise posddrionedton thepside @f as clained in

any of clai ms¢Rel hddt¥heenbie! 2 otlttlenGlidih@qpy.f anged in a line, the
ti ps adjacent the ends of the |ine extending further fromthe support than

the tips in an intermediate part of the line. 43. A et hod of “of
ul trasoni cal | yospot Apphatiatyst agechaimeddliny @lialiv G0 Smeaudielg t her nopl astic

mat erial, sub I ally_as.hereinbefore described wth reference to Figures

1 and 2 of th@ggg%ogﬁgn9§3d“§rgkgngégrgﬁqgécm&ﬁqq @@%ﬁqéi' ence to

Figure 3 of tBbeetsospangi kg push the sheeis mgaiinistd thiet weldfimgence to

Figure 4 of FE?pécesngﬁﬂﬁbngng@@@igﬁ§of the welding tips into W,
the sheets.

41. Apparatus as claimed in claim 40 including
a stop for limiting movement of the ultrasonic
horn once the welding tips have penetrated the
sheets by the réquired degree.

42. Apparatus as claimed in any of claims 8 to

41 wherein the welding tips are arranged in a line,

the tips adjacent the ends of the line extending

further from the support than the tips in an intermediate
part of the line. '

43, A method of ultrasoniéally spot welding together
a plurality of sheets of thermoplastié material,
substantially as hereinbefore described with reference
to Fiqures 1 and 2 of the accompanying drawings;

or as modified wih reference to Figure 3 of the
accompanying drawings; or as modified with reference
to Figure 4 of the accompanying drawings.

44, Apparatus for ultrasomically spot welding
together a plurality of sheets of thermoplastic
material, substantially as hereinbefore described
with reference to Figures 1 and 2 of the accompanying
drawingé; or as modified with reference to Figure

3 of the accompanying drawings; or as modified



44. Apparatus for ultrasonically spot wel ding together a |
sheets of thernoplastic material, substanti&l |y as herei nbeﬂﬂ“ﬂh‘ﬂﬁl‘ﬂ“&m“‘
weth reference to Figures 1 and 2 of the acconpanyi ng draw , ¢ OflL s =
nndﬁf{ed with reference to Figure 3 of the acconpanyi ng draw ngs; or as

nmodi fi ed * C L M S *wthreference to Figure 4 of the acconpanying
drawi ngs. 45. Asintet ek exfende rtas et e 8 b tthveel aboumpargeiner a

plurality of she ernopl astic material, substantially as
her ei nbef ore desgérlls%vgd‘%élth reference to Figures 5,6 and 7 of the

~acconpanying draw ngs; or as .nodified with-reference to Figure 8 of the
~acconpanyi ng drawggs; PmeéthdP B Ik P ddh I& B L ot Qvé‘_lcﬂi‘%{gf t%ﬁfét_ﬂé'ke
.acconpanyi ng draw ngs. 46, é?m)raius for uItrasonlcaIuX spotl wel di ng

' toget her a plur alqté/]'-‘b‘fa]s‘f%t diheeks R thesnonkaskic %‘iﬁg‘s‘taalmial ly as
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means for insertitopethieatr \eelpdiuvnpliiitys of ‘sheets of thermoplastic
' material substantially as hereinbefore described
with reference to figures 5,6 and 7 of the accompanying
drawings; or as modified with refetgnce to Figure
8 of the accompanying drawings; or as modified
with reference to Figure 9 of the accompanying
drawings.

47. A system for spot welding a plurality of
sheets of thermoplastic material together comprising:
{a) a plurality of welding tips adjacent

to an obverse face of juxtaposed sheets of said
thermo-plastic material, each of said welding tips
extending from an anvil and having a base attached
to said anvil and an apex spaced from said anvil
at a predetermined height above said anvil, said

- plurality of welding tiﬁs extending along a weld
line to be formed in said juxtaposed sheets;

(b) - means for inserting said welding tips

into an obverse .face of said juxtaposed sheets
a sufficient distance so tQat each welding tip
at least partially penetrates each sheet of material
being welded, said distance being less than the
height of said apex of said each welding tip above
the anvil from which said each welding tip extends,
to thereby provide a reservoir space between said



i ito an obverse face of said j uxt aposed sheets a.sufficient distance so

‘“\m‘\mm p at least partially penetrates each sheet of materi al
beﬁ“mi i stance being I ess than the height of said apex of saird &

each wesl ditng"tip above the anvil ffoR7which said each welding tip extend
to thereby provide a reservoir space between said anvil and the obverse
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whereby nelted @ erial may freely flow into said reservoir space. 48. A
nmet hod for ultrasonicakyy ﬁ@@ﬁsmg5g|Qgpipggéhgit@agbuiéléﬁgre§ sheet s of

t hernopl astic naterla e steps of
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posi tioning 10 © cih?ﬁﬁ%ﬁi?ﬁ%}%sﬁﬁ?%t n?ﬁﬁlﬁgjéééﬁFePB 8°first outer
surface of-the said abelqlmj shpstshepebytmenteg natdppalt maqr Fyeadya

plurality of E}%&mhﬁégs €gaagggé ? gﬁgggd outer surface of the

plurality of sh S opposi sald surface and the source 15
of ultrasonic energy, inserting the meldlng tips into the sheets along said
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regi ons of the support f nt. t he bases of

spaced fron1sa1§lé§;86ﬁh Eit% Sheets %GrF%EémBPlﬁﬁﬁlﬁlEFEPF#910F1§ﬁ§ets

and supplylng LétwaB@nltneneaqmpfi@ﬂhgatﬁesﬁuéﬁe 68 ﬁési@1$ﬁhﬁgthe sheets”
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wel d t he sheetSOQ%aétﬁ@Ff%©ﬂp¢fsthg phurahity 66rsbeepsit pogitiohéagt ondw/

frusto- Com‘“ﬂaVgﬂﬁﬁéfktéikr§bﬁgbﬁsﬁlﬁiafﬁﬁg &flQéfglﬁbpt?SEngdﬁggggited
by a mgj or surface of said
a second outer surface of the plurality of sheets
opposite said first outer surface and the source
15 of ultrasonic energy, inserting the welding tips
into the sheets along said~1ine such that they at
least partially penetrate each sheet, there being
regions of the support adjlacent the bases of the
welding tips which are spaced from said second outer
20 surface of the plurality of sheets, and supplying
ultrasonic energy from said source so as to weld
the sheets together.
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49, A welding tip assembly for applying ultrasonic
energy to a plurality of juxtaposed sheets of thermoplastic

25 material to spot weld the sheets together comprising:

an anvil for supporting at least one frusto-
conical welding tip, the base of said welding tip
being supported by a major surface of said énvil
and having a maximum base dimension B parallel

30 to said major surface, the apex of said cone-shaped
tip being disposed at a height A above said major
surface, the ratio of A/B“being approximately 0.76.
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irface, th f said -shaped tip being di d at ' :
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above.said major surface, the ratio of A/B being approxi matel
A welding tip assenbly for applying ultrasonic energy to a plurality of
j uxtaposed sheets of thernmo- plastic material to spot weld the sheets
toget her conprisidfy ad aeddingortiqmeseniiy fon aprlwing sditrasamised
wel di ng f:cp, thfe : yoftqsfa ?blgﬁ[]ﬁi%ﬂﬁd j/m&_auﬁzgsbéa BRI qssm%rztnﬂsi Fln fl
maj or surface o ai nvil, a Vi n maxj ase di nensi o paral |l e
to said major sult ,ia‘i H'B’%F&B)?lof °saﬁ%c?al'cdﬁ>é- F£18 %&%%\%osed at a
hei ght A above saohpwisingeurface, the ration of A/B being approxi- mately
1.2 an anvil for supporting at least one cone-
shaped welding tip, the base of said cone-shaped
welding tip being supported on a major surface
i of said anvil and having a maximum base dimension
B parallel to said major surface, the apex of said
cone-shaped tip being disposed at a height A above
said major surface, the ration of A/B being approxi-

o/ mately 1.2.




